Seven species of the genus Cleome were analysed for formation of exudate flavonoids. The majority of structures found were polymethoxyflavonols with 6-and/or 8-O-substitution. A novel compound, isolated from C. felina, was determined to be 5,3´,4´-triOH-3,6,7,5´-tetraOMe-flavone (1), and a further novel compound, 5,3´-diOH-3,7,8,4´,5´-pentaOMe-flavone (3), was isolated from C. viscosa. Flavones with corresponding substitution have primarily been found in C. droserifolia. Rather simple flavanones such as naringenin-7-Me have so far been found only in one accession of C. hassleriana. The flavonoid profiles of the newly studied species and accessions are discussed in relation to phytochemical, taxonomical and pharmacological data.
The genus Cleome comprises some 200 species occurring in both the neo-and the palaeotropics [1, 2] . The familiar assignment is somewhat controversial and ranges from inclusion of Cleome in Capparaceae or, alternatively, in a separate family Cleomaceae, derived from subfamily Cleomoideae of the Capparaceae [2, 3] . The presence of conspicuous glandular hairs is a characteristic that would support the separation of Cleomaceae from the Capparaceae. Further support comes from phylogenetic studies, with Cleomaceae, Capparaceae and Brassicaceae being well defined as separate clades within the order Brassicales [2] . The members of this order are well known for the occurrence of mustard-oils (glucosinolates) in their tissues. Flavonoid aglycones have been reported to occur in a number of genera from the Cleomaceae, but reports on their accumulation as exudate constituents, accumulating on the surfaces of aerial parts, are thus far limited to some species of Cleome and Polanisia [4, and refs. cited therein]. In the following we wish to report new results on some species of Cleome, completed by a survey of all known exudate flavonoid aglycones and other reports concerning free aglycone accumulation from species of Cleome (spiderflower) and Polanisia (clammyweed; see Table 1 ).
The following abbreviations are used throughout: OH = hydroxy group; OMe = methoxy group (-OCH 3 ); SCHN = Herbarium Schneckenburger at TU = Technical University Darmstadt.
The exudate of C. felina L.f. contains several known mostly trivial flavonols (see Table 1 ). In addition, we isolated two derivatives of 6-hydroxymyricetin, namely its 3,6,7,5´-tetramethylether (1) and its 3,6,7,4´, 5´-pentamethylether (2) . The structures of the two flavonols were confirmed after examination of their NMR spectra. The proton spectra of both were very similar displaying identical A-ring signals (a strongly H-bonded OH at low field typical of a 5-OH) and a single aromatic proton resonance; the two aromatic resonances of the B-rings displayed typical meta coupling and demonstrated that the trisubstitution was not symmetrical, i.e. substituents at C-3´ and C-5´ were not identical. In addition one of the compounds had four OMe resonances whereas the other had five. Furthermore one of the compounds showed one low field OH signal in addition to the aforementioned 5-OH while the other displayed two. The carbon spectra showed A-and C-ring signals that were identical and the chemical shift of the aromatic methine carbon signal indicated that it was C-8 rather than C-6 allowing assignment of the A-ring as 5-OH, 6,7-diOMe. An OMe was assigned to C-3 in both compounds and the resonances are typical of C-rings of flavonol 3-methyl ethers. The asymmetry of the B-ring necessitates placing the remaining OMe at C-5´ for compound 1 and at both C-4´ and C-5´ for the other compound 2. 5,3´,4´-TriOH-3,6,7,5´tetramethoxyflavone (1) is a novel natural compound, whereas 5,3´-diOH-3,6,7,4´,5´-pentamethoxyflavone (2) was found before in C. amblyocarpa (sub. C. amphyocarpa; misspelled name) and in C. droserifolia [1] .
Thorough analysis of three different collections of C. hassleriana Chod., revealed the same flavonoids that have earlier been reported for an accession of C. spinosa [6] ; (Table 1 ). Both species are also frequently cultivated as ornamentals and appear to be morphologically so close that sometimes they are synonymized.
Cleome monophylla L. was found to produce a number of exudate flavonoids ( Table 1 ). Due to the small amount of plant material available, only the least polar product could be isolated for analysis. It proved to be identical with 5-OH-3,6,7,8,4´-pentaOMe flavone (5-hydroxyauranetin), already known from Polanisia trachysperma Torr. & Gray [7] ) and several other plants [see 4]. Its identity was confirmed by direct comparison with a synthetic sample [8] .
The exudate of C. ornithopodioides L. contains three highly methylated derivatives of 6, 8-dihydroxykaempferol and a polymethyl derivative of 6,8-dihydroxyquercetin, as well as some kaempferol-3-Me and small amounts of quercetin glycosides (Table 1 ). In the exudate of C. violacea L. three trivial methyl ethers of kaempferol and quercetin were found (Table 1 ). According to their colour reactions, several additional spots noticed on TLC might correspond to methyl ethers of myricetin. Lack of material and of respective marker compounds prevented further identification.
Cleome viscosa L. produces a series of non-polar flavonoid aglycones. Some of the minor components exhibit reddish coloration after spraying with NA [cf. Experimental]. Only two compounds could be identified, namely 5,3´-diOH-3,6,7,8,4´-pentaOMeflavone, previously known from Polanisia dodecandra and other sources [see 9 and refs. therein], and 5,3´-diOH-3,7,8,4´,5´-pentaOMeflavone (3), a novel natural product. Its isomer, 5,3´-diOH-3,6,7,4´,5´-pentaOMe-flavone, was found earlier in C. amblyocarpa Baratte & Murb. and C. droserifolia Delile [1] , and now in C. felina (see Table 1 ). Determination of the structure of 3 was achieved primarily by means of 1 H and 13 C NMR spectroscopy. The proton spectrum showed five OMe resonances, a downfield resonance characteristic of a strongly hydrogen bonded 5-OH, a single aromatic signal assigned to H-6, and a pair of meta-coupled B-ring signals assigned to H-2´ and H-6´. The spectrum was very similar to that of 2 except that the single A-ring aromatic proton of 3 resonates 0.3 ppm upfield from the signal of 2, reflecting the main structural difference between 2 and 3 having 8-H vs. 6 -H, respectively. The carbon spectrum demonstrated that the B-and C-ring signals of 2 and 3 are identical and the only difference lies in the A-ring. The single A-ring methine resonance of 3 is 4 ppm further downfield than that of 2 and indicates that the methine signal in the spectrum of 3 is from C-6. In 2 the methine signal arises from C-8.
In the acetone leaf wash of an accession of Gynandropsis gynandra (L.) Briq. only two quercetin glycosides, but no flavonoid aglycones, were detected. This is contrary to reports on flavonoid aglycones from whole extracts of leaves and stems [10] . Flavonoid glycosides have so far been reported only rarely from lipophilic exudates [5] . This may be because relevant water-soluble fractions obtained from chromatographic separations were not routinely checked for the presence of glycosides.
By comparing the substitution tendencies expressed in selected Cleomaceae (Table 1) , a clear predominance of both 6-and 8-dioxy structures as well as tri-substituted B-rings (3´,4´,5´-OH and -OMe) is apparent. Flavonol structures dominate over flavones, which however also display some structural complexity as e.g. in C. droserifolia. Literature data data for Polanisia dodecandra (L.) DC. and P. trachysperma Torr. & Gray were included for the sake of completeness [7, 9] . Polanisia seems to share the tendency to produce 6,8-dioxy-flavonoids with Cleome. The flavanone naringenin 7-Me was found only in exudates of C. hassleriana and of C. spinosa . Complex flavanones with 8-lavandulyl-substitution were reported from leaves of Physena madagascariensis Steud. [11] , a genus that has been excluded from Capparaceae as a separate family named Physenaceae, now placed in the order Caryophyllales [2] .
Similar complexity has thus far been encountered neither in species of Brassicaceae (e.g. [12] ) nor in the genus Capparis of Capparaceae [13] . Major aglycones mentioned in these publications include kaempferol, quercetin and isorhamnetin as flavonols and luteolin and apigenin as flavones, both as hydrolytic products. Based upon such aglycone patterns, early chemotaxonomic work favoured the Cleomaceae to be a separate family [14] . Comparison of Capparis and Cleome species with regard to free flavonoid aglycones and glycosides showed that three species of Capparis did not accumulate the complex free aglycones that were earlier found in the Cleome species studied [1, 15] . Formation of C-glycosylflavones in tissues appears to be restricted to Cleomaceae [14, 15] , representing a specific biosynthetic route different from that leading to O-glycosides that are commonly accumulated in Brassicaceae and Capparaceae. Further distribution studies are needed to demonstrate whether these trends in accumulation, concerning both exudate flavonoids and flavonoid glycosides, are useful chemical characters. Some of the isolated exudate flavonoids of C. droserifolia [17] and of P. dodecandra [9] show remarkable pharmacological activities. Similarily, the flavonols isolated from Gynandropsis. gynandra (=Cleome gynandra L.) exhibit activity as anti-neoplastic agents [10] .
Experimental
All plant material was cultivated in the Botanischer Garten der TU Darmstadt. Aerial parts were collected at the flowering stage. Vouchers are kept at Darmstadt.
Collection data:
Cleome felina: Coll. Aug./Sept. 2000 -2002. Voucher Schn 6480. 
Extraction and Identification:
Fresh plants were briefly rinsed with acetone to dissolve the lipophilic exudate material. The viscous residues obtained after evaporation of the acetone were "defatted" by dissolving in a small volume of boiling MeOH, cooling to -10°C, and removing precipitated material by centrifugation. The supernatants were then passed over Sephadex , eluted with MeOH, to separate the flavonoids from the predominant terpenoids. In the phenolic fractions, many flavonoids were readily and unambiguously identified by direct comparisons with markers available in E.W.´s lab. In several cases, however, further workup of flavonoid fractions was required as well as purification of individual products. These were isolated by CC on silica (Kieselgel N, Macherey-Nagel) and/or on polyamide SC-6 (Macherey-Nagel), or by preparative TLC on silica (SIL-G 25-UV, Macherey-Nagel). Fractions were checked and comparisons were done by TLC on polyamide (DC 11, Macherey-Nagel) with the solvents: NMR data now recorded agree with those reported earlier [18] . -3,6,7,8,3´ ,4´-hexaOMe-flavone from C. ornithopodioides: MS and NMR data are in agreement with those reported earlier [7] . 3´-diOH-3,7,8,4´ ,5´-pentaOMe-flavone (3) from C. viscose: This flavonol was obtained as yellow crystals from EtOH, mp 175 o C. The dark spot on polyamide tlc shows no reaction with NA. On tlc, it appears as a dark spot that remains dark on spraying with NA.
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